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Body temperature is the net result of the amount of heat
produced and/or gained minus heat loss. This heat production
may he due to metabolic activities or transfer from the en¬
vironment, but the overall gains and losses must be kept in
close balance if the body is to function efficiently.
The temperature control center, which is located in the
hypothalamus, integrates the activities of the various regula¬
tory mechanisms vhich maintain constant body temperatures in
homoiotherms. This temperature control center may be stimu¬
lated to reduce the body temperature, as well as, initiate an
increase in heat production within given organisms.
In general, a temperature which may be favorable for one
function of a cell may not, at the same time, be favorable for
another. Furthermore, a temperature which may appear to be
favorable for a given function during brief exposure of a cell
may prove harmful on longer exposure. Therefore, when the
elevation has reached what may be termed the "upper endurance"
level, death usually occurs.
Lethal temperature however, depends upon the physiological
state of an organism, age, and taxonomy. Those in an active
state are much more readily affected than those in a dormant
state. Heat death usually results from thermal inactivation
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of enzymes in the cell.
Many enzymes which are reversibly inactivated by mild
heat are irreversibly inactivated by high temperatures.
In light of the studies that previously have been made,
the present investigation was undertaken in order to deter¬
mine the relationships between different temperatures and
their effects on respiratory rate, heart rate and electro¬
cardiograms in the albino rat.
CHAPTER II
REVIEW OP LITERATURE
The effect of variations in the temperature of blood
flowing through the heart in the heart-lung preparation was
studied in the dog by Knowlton and Starling in 1912. Under
the conditions of their experiment, the temperature of the
venous blood of the heart was the only factor affecting the
pulse rate. The pulse rate was unaffected by changes in the
arterial or venous pressure. When the temperature of the
blood was between 26.5°C. and 43°C., the pulse varied from
63 to 165 and had an approximately linear relationship to
the temperature. The heart rate decreased when the tempera¬
ture of the blood exceeded 43®C.
Knowlton and Starling (1912) reported that the minimal
temperature range at which an isolated mammalian heart can
beat was between 23°C. and 26°C. They also reported that
the maximal temperature at which the isolated mammalian heart
can beat was above 40°C. and that the isolated heart may con¬
tinue to beat for a longer time at a temperature of 45°C. to
46*^G. Irregularities in rhythm began to appear at temperatures
above 40°C., however. Landsteiner and Haynes (1943) reported
that in the intact cat and rabbit injections of cool physiologic
saline solution (22°C. to 36°C.) into the external jugular vein
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resulted in bradycardia and conversely the injection of warm
saline solution (43°C. to 57°C.) into the external jugular
vein resulted in tachycardia. There was no change in the
heart rate when the saline solution was injected at body temp¬
erature .
Freeman (1935) studied the effect of temperature on the
rate of blood flow in the human hand and suggested a duel
control of the circulation by the vasomotor nerves. The
flow of blood was considered to be modified in accordance
with the requirement for thermo-regulation of the body as a
whole.
Burton (1939) reported that the amount of blood flow in
the finger depended on the ambient temperature to which the
finger was exposed. He further added that the regulation of
body temperature was accomplished not by the control of pe¬
ripheral blood flow at an appropriate steady level, but by
the adjustment of a flow which fluctuated rhythmically between
high and low temperatures.
Brown and Page (1953) reported that when Eskimos immersed
their legs in water at 42.5°C. there was an increase in the
volume of blood flow to the average hand and forearm as com¬
pared with those legs which were not immersed. There was a
gradual increment in rectal temperature within the first hour
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which remained practically constant thereafter.
The investigation on the volume flow of blood in dog
limbs by Freeman and Zellers (1937) revealed that the cir¬
culation of blood varied directly with the temperature of the
bath in which the limbs were immersed. An increase in temp¬
erature accelerated blood flow, and a decrease in temperature
was accompanied by a diminution of blood flow. They further
observed that the circulation through regions deprived of vaso¬
motor control was determined by metabolic needs of the tissue.
Hewlett and Van Zwaluwenburg (1910) studied the rate of
blood flow in the human arm. They found that if the arm was
placed in hot water it began to swell, and began to shrink
almost immediately after being removed. They concluded that
the application of heat to the body as a whole was quite an
effective method of increasing the rate of blood flow through
the arm.
Proskauer, Neuman and Graef (1945) reported that the more
rapidly the body temperature rose, the more rapidly the blood
pressure increased. The amount of increase in blood pressure
was proportional to the elevation of the temperature. They
also reported that no matter how slow the elevation of body
temperature was achieved, the greater part of the accompanying
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rise in blood pressure occurred during the first ten minutes
after the application of heat. It was also found that a
decrease in body temperature as a result of cooling was accom¬
panied by a fall in blood pressure.
Adolph and Fulton (1923) reported that venous blood on
exposure to high temperature was redder than under ordinary
conditions, which indicated that the blood as a whole passed
around the body more frequently. Adolph and Fulton (1923)
also reported that at high temperatures, oxyhemoglobin dis¬
sociated less readily, the peripheral blood vessels were
greatly dilated, diastolic blood pressure decreased and systolic
blood pressure increased.
Byer, Toth and Ashman (1946) experimentally found that
when mammalian Ringer's solution, ranging in temperature from
1°C. to 3°C., was introduced into the ventricular cavity of
the dog there was an increase in height and width of the T-wave.
However, when the temperature of the Ringer's solution was
increased to 39°C. to 40°C., there was no appreciable change
in the T-wave. The Q-T interval was consistently lengthened
upon cooling. The authors presented the following to account
for such: (1) the warm solution was usually 25°C. to 30°C.
above body temperature and (2) for a 10°C. temperature span,
the effects on living tissues were quantitatively greater in
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the lower than in the higher temperature range.
Ashman, Byers, Ferguson and Gremillion (1944) reported
that in human hearts, at ordinary heart rates, the observed
T-wave was due to the time required for repolarization of dif¬
ferent muscle elements. They further reported that those muscle
elements which first became depolarized were first to begin
and first to complete their repolarization.
Hamilton, Hamilton and Dresbach (1936) reported that the
temperature of rats decreased when they were placed in an
environmental temperature of 75°F. or below. In some cases
the heart rate was reduced, the P-R intervals lengthened, and
the amplitude and width of the R and T-waves increased. At a
temperature of 65°F. or less, it was found that there was rapid
and profound disturbance in the nervous, respiratory and vascular
systems. Upon release from cold environments the animals spon¬
taneously recovered unless the temperature had been lowered
to lethal levels.
Hamilton, Hamilton and Dresbach (1936) further reported
that before cooling rats, the heart averaged about 458 beats
per minute. The slowing of the heart rate followed a direct
linear decline until the body temperature was approximately
65°F. Below this temperature, the rhythm of the heart became
irregular. However, when the rats were removed from the cool-
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ing chamber, the body temperature increased. This resulted
in an acceleration of the heart rate and the P-R intervals
were identical during cooling and recovery. The P-waves were
either monophasic or diaphasic at the same temperature.
Cheer (1928) reported that when animals were cooled to a
temperature of about 33°C. or 34^0. and then allowed to regain
their normal temperature gradually, the cardiorespiratory
reaction was slightly affected. There were no alterations
in rhythm of the heart or in the QRS complex shown by the
electrocardiographic records.
Ware, Hill and Schultz (1945) reported that normal adult
rabbits and rats do not experience a fall in body temperature
by simple exposure to low temperature, but can be made to do
so by several procedures. Ariel, Bishop and Warren (1943)
produced subnormal temperatures in a rabbit by wetting the skin
while exposing the animal to cold environments. Hamilton
et a3^ (1936) reported decreases in body temperature caused by
immobilization of the animal and simultaneous exposure to low
environmental temperatures.
Sumner and Lanham (1942) reported that fish living in
warm springs at temperatures or 35°C. to 37°C. had a far high¬
er rate of oxygen consumption than fish living in cool springs
at 21°C. They found that when the fish from cool springs were
transferred to the warm springs the fish died immediately.
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However, when the fish from warm springs were transferred to
cool springs they suirvived for many days. The change in their
oxygen consumption was as follows: (1) A rapid fall occurred
within the first few hours. (2) At the close of the day, the
metabolic rate was the same as that of fishes native to the
cool spring.
Wells (1935) reported that there was a change in the
normal metabolism of fishes which was affected by acclimatizing
them to high and low temperatures. It was also reported by
this author that fishes living in cold water, even after ten
days at an intermediate water temperature, had a rate of oxygen




White albino rats used for this study were obtained from
Carolina Biological Supply Company, Burlington, North Carolina.
The animals were kept in cages for the duration of the ex¬
periment. They were fed and given water daily. Twenty-four
animals of both sexes were used, and their weights ranged
between 60 and 100 grams.
The rats were divided into two groups. Group I consisted
of animals exposed to ambient temperatures which ranged from
37°C. to 46°C. The animals became very uncomfortable at
temperatures approaching 46°C. Respiratory rates, heart rates
and electrocardiograms could not be recorded due to continual
movement of the animal. Group II consisted of animals exposed
to an ambient temperature of 5^C. Respiratory rates, heart
rates and electrocardiograms of the animals were simultaneously
recorded.
Each animal in a given group served as it's own control
before being subjected to any type of experimental temperature.
In Group I, a temperature control unit and a small lamp
were used as heat sources. Each rat was placed in the rat holder
of the temperature control unit through the rear door and
the animal's tail was allowed to remain outside through an
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opening in the rear door. Both front and rear doors were ad¬
justed so that the animal was snugly, but not uncomfortably,
restrained. For each series of experiments, rectal temperatures
were taken with a thermometer. The temperature changes of
the animals were recorded with a rectal thermistor probe con¬
nected to a thermistor bridge and carrier preamplifier. The
output from the carrier preamplifier was connected to the
amplifier of the physiograph for recordings.
in measuring heart rate, the pneumatic sensor, which was
joined to a pneumatic pulse transducer, was taped lengthwise
over the animal's tail. The pneumatic pulse transducer was
connected to the electrosphygmograph input and the output of
the latter was connected to the amplifier of the physiograph
for recordings.
The respiratory rate of the rat was recorded with an im¬
pedance pneumograph. On each side of the rat holder were
special guide holes which permitted the insertion of sub¬
cutaneous needle electrodes. The electrodes were inserted on
both sides of the animal just behind the shoulders. The ex¬
tension cables from the needle electrodes were connected to the
terminals of the impedance pneumograph and respiration was
recorded on the data sheet of the physiograph.
The electrocardiogram of the rat was recorded by using
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the same pair of electrodes used in the respiration set-up
described above. A cable was used which coupled the impedance
pneximograph to the Hi-Gain preamplifier whose output carried
signals to the physiograph for simultaneous recordings.
In Group II, the same procedures were followed to carry
out the experiments in the cold environment.
CHAPTER IV
EXPERIMENTAL RESULTS AND DISCUSSION
The effects of changes in the environmental temperature
on electrocardiograms, heart rates and respiratory rates studied
are graphically presented in Figures 1-2. The graphs show
a linear relationship between temperature and heart and
respiratory rates.
In an experiment at any given temperature, duplicate de¬
terminations were made and the averages were recorded. At
least 20 minutes elapsed before conducting an experiment at
any particular temperature in order to allow the animal to
adjust to the temperature change.
The major part of the study was made immediately after
the body temperature of the animal reached a low point of
18°C. or a high of 46°C.
A. Effects of Low Temperatures
There was an immediate and continued decrease in rectal
temperature following placement of an animal in a cold room of
5°C. At no time during the fall in the body temperature
was there any indication that the animals had reached a state
of artificial hibernation as claimed by Simpson and Herring
(1905). Instead, normal thermal levels were approached in




During the decline in body temperature shivering did not
compensate for the heat loss; indeed, the amount of heat loss
was at all times directly related to the length of exposure.
These findings corroborate those of Hamilton ^ ^ (1936).
However, Ware, Hill and Schultz (1945) detected shivering by
palpating the animals, but they were not able to detect it
visibly.
Before cooling, the rats had a body temperature of 38°C.
and the heart rates varied from 420 to 480 beats per minute,
with an average of 460 beats per minute. After cooling, there
was a slowing of the heart beat which followed a linear decline
until the rectal temperature was approximately 18°C. Below
this temperature the cardiac rhythm became irregular.
Analyses of electrocardiograms after cold exposure revealed
inversions of the P, QRS and T-waves when the rectal tempera¬
tures were between 18°C. and 36°C. (Figures 3-4, line D).
Byers, Toth and Ashman (1946) observed an inversion of the T-wave
upon cooling the inner surface of the dog's right ventricle.
Cheer (1928) observed an inversion of the T-wave at higher
temperatures. Hamilton et al (1936), on the other hand, found
an inversion of the P-wave in the kitten within cold tempera¬
ture ranges.
At the lower temperatures, the Q and S-waves were not
prominent and the R and T-wave appeared to be broadened.
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According to Wilson's (1943) interpretation of the QRS complex,
the manner of the deflections depends mainly upon the time
at which the muscle in contact with the electrode became active
in relation to the beginning and the end of the QRS intervals.
If the muscle became active very early in the interval, the
R deflection was narrow and usually small and the S-wave broad
and usually deep. If it was activated very late in the interval,
R was tall and broad, S small and narrow, and Q often present.
If however, it was activated at the very end of the QRS interval,
S was absent but there may have been a conspicuous Q. As the
rectal temperature increased there was a shortening of the P-R
interval, the amplitudes of the R and T-waves were greater and
accompanied by an acceleration of the heart rate.
The respiratory rates of the rats were excellent indices
of their physiological conditions. Under basal conditions, the
rats had respiratory rates of 200 to 260 times per minute. Upon
exposing the animal to a cold environment, there was a consider¬
able decrease in it's respiratory rate. At a rectal temperature
of 18°C., the respiratory rates were in the vicinity of 60-80
per minute, but below 18°C. they were very irregular. During
recovery the respiration increased in an inverse manner to the
decrease during the temperature decline. Recovery did not occur
if the respiratory rate did not increase.
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The lethal temperature of different animals varied. How¬
ever, temperatures below 18°C. appeared to be the lethal tem¬
perature for most of the animals studied. In all cases, the
animals recovered if the rectal temperature was 18°C. or above.
These findings were not in agreement with those of Hamilton,
et al (1936). They reported that the lowest body temperature
from which an animal recovered was 54°F. (about 12°C.).
B. Effects of High Temperatures.
There was in increase in rectal temperature upon subject¬
ing the animals to temperatures of 40°C. and above. All of
the animals subjected to the high temperatures tolerated the
treatment unfavorably. The lethal temperature varied with
different rats but death usually occurred when rectal tempera¬
tures ranged between 44 and 46°C. The time consumed in raising
the temperature to the lethal point varied with specific animals,
but was never less than 1 hour or longer than 3 hours.
An increase in rectal temperature resulted in a progressive
increase in heart rates and respiratory rates (Figures 5-6,
lines D and E). The obvious circulatory changes during higher
rectal temperatures resulted in extreme acceleration of the
heart which sometimes reached rates exceeding 600 per minute.
Inspections of the electrocardiograms revealed results opposite
to those recorded at low temperatures (Figures 7-8, line C).
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Rectal ^temperatures above 44°C. were usually considered as the
beginning of a critical stage. This stage usually continued
until death, which was characterized by a progressive depression
of respiration, an abrupt slowing of the heart and by the
development of a variety of cardiac irregularities. The re¬
spiratory failure always preceded the complete arrest of the
heart beat and sometimes the interval between irregularity of
cardiac activity and respiratory failure were considerable.




Figure 1. THE AVERAGE RESPIRATORY RATES PER
MINUTE AT VARIOUS TEMPERATURES.
The total number of rats used to
obtain the averages above was 24.




Figure 2. THE AVERAGE HEART RATE PER MINUTE AT
VARIOUS TEMPERATURES.
The total number of rats used to obtain
the average above was 24. The chart
speed was 1 cm/sec.
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Figure 3. Photograph showing electro¬
cardiogram of rat at 18®C.
Note inversion of waves in
line C.
Chart speed was 1 cm/sec. = 1 mv of
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Figure 4. Photograph showing electro¬
cardiogram of rat at 26®C.
Note inversion of the waves
in line C.
Chart speed was 1 cm/sec. = mv of
vertical deflection on the electrocardio¬
gram (C) .
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Figure 5. Photograph showing heart rate (D)
and respiratory rate (E) at 42°C.
Chart speed was 2.5 cm/sec.
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Figure 6. Photograph showing heart rate (D)
and respiratory rate (E) at 46°C.
Chart speed was 2.5 cm/sec.
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Figure 7. Photograph showing electro¬
cardiogram of rat at 38°C.
("normal” body temperature.)
Chart speed was 2.5 cm/sec. 1
mv of vertical deflection on the electro¬
cardiogram (C) .
25
Figure 8. Photograph showing electro¬
cardiogram at 44°C. Note
shortened P-R interval.
Chart speed was 2.5 cm/sec. 3i= X mv




1. Results of studies on albino rats subjected to low
and high temperatures without anesthesia indicated
a linear relationship between heart rates, respira¬
tory rates and rectal temperature.
2. Rectal temperature as low as 18°C. was not lethal,
although there was slowing of the heart rate five
times less than the normal rate.
3. Rectal temperatures below 18°C. and above 44°C. were
lethal. As the temperature approached these extremes,
cardiac rhythm and respiratory rate became irregular.
4. Analyses of electrocardiograms revealed prolonged
P-R intervals, inversions of the P, QRS and T-waves
at temperatures between 18 and 36°C.
5. The cardiac changes were reversible in both low and
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